Abstract: This paper examines the asymmetric impact of globalisation and economic growth on energy consumption in BRICS countries, applying the NARDL bounds approach to explore the presence of asymmetric cointegration across variables. The empirical results reveals that energy consumption is positively and negatively affected by the positive and negative globalisation shocks, respectively. A positive shock in economic growth promotes energy consumption, while a negative shock reduces energy consumption.
Introduction
The economic structure of the BRICS region is characterised by a huge share of labour force in agricultural sector and only a small portion in the services sector. The region's share of world trade and investment is smaller than its share of GDP: it has a total GDP of US$16.92 trillion (i.e., 23% of the world GDP). The region's total trade volume is US$7.7 trillion, and its share of total world trade is up to 18%. In the last decade, the BRICS countries have more than doubled their share of world exports. Currently, BRICS exports accounted for 19% of total world exports, while in the previous decade, intra-BRICS trade grew from US$93 billion to US$224 billion In the Chinese economy, gross savings is as high as 54% of GDP, and gross investment is 48% of GDP, implying that the country experiences net capital outflows. This elevated investment has played a vital role in the uninterrupted economic growth over the years. China is a comparatively more export-oriented country, as exports and imports share 29% and 25% of GDP, respectively; India experiences a negative trade balance, with imports being 25% and exports 18% of GDP. However, India has somehow remained balanced in terms of savings and investments, as gross savings are 35% and investments are 36% of GDP. Russia, Brazil and South Africa's gross savings and investment are far lower than those in China and India.
Based on recent statistics (Enerdata, 2015) , world energy consumption increased slightly from 1.8% in 2012 to 1.9% in 2013; it was 1.6% in 2011. In the BRICS countries, energy demand has risen at a slow pace, from an annual average growth rate of 5.6% over the period from 2000-2011; it was 3.5% in 2013 (Enerdata, 2015) 1 . Energy demand was recorded as the highest in China among the BRICS countries. China's portion of global energy consumption was reported as 22% in 2013; it was 12% in 2000. The share of global energy consumption by BRICS countries was as high as 40% in 2013, compared to 25% in 2000. Figure-1 illustrates that the growth rate of energy consumption in the BRICS countries was the highest in the world in 2013, as a result of both increased economic growth and demographic trends that are expected to maintain the pressure on energy demand.
[Insert Figure 1 about here]
BRICS countries will likely develop further in the near future. If growth trends remain stable over the next decade, both China and India will boost their collective share in world output to over 40%. The current shift in production activities will continue to move to Asia as a consequence of comparative advantages. The Chinese economy has the potential to regain its strong position as an emerging market economy and innovative power. The future growth potential of the BRICS, as well as the ease of trading and engaging in foreign direct investment, strongly depends on globalisation, which opens up economies through the expansion of trade and investment activities. Nevertheless, to continue the growth process and to keep the pace of trade and investment activities, countries require a considerable amount of energy. Through globalisation, countries can also transfer advanced technologies and technical knowledge for the efficient use of conventional energy at production and consumption levels. Developing countries are required to access advanced technologies and technical knowledge because they do not have enough funding to spend on innovative and energy-saving technologies.
Globalisation may have favourable and unfavourable effects on energy consumption demand: it is a means of enhancing economic growth and welfare by eliminating cross-border restrictions on trade and investment with trading partners. If overseas firms establish new businesses or expand their existing ones and utilise more advanced technologies, energy consumption may shrink and ultimately reduce their overall costs. Meanwhile, these practices will impact the existing firms in the host country, as they strive to adopt the latest methods of production and conserve energy use. In contrast, globalisation may increase energy consumption because the objective of foreign firms is not to conserve energy, while their ultimate goal is to maximise their profits in the host country. Furthermore, the effect of globalisation on energy consumption can be analysed in three modes: the scale effect, the technique effect, and the composition effect.
Through the scale effect channel, with all other factors remaining constant, globalisation will boost economic activity and, thus, increase energy consumption (Cole, 2006) . As far as the technique effect is concerned, globalisation enables countries to reduce energy consumption by importing advanced technology that enables economic activities (Antweiler et al., 2001; Dollar and Kraay, 2004) . Finally, the composition effect of globalisation on energy consumption occurs when energy consumption declines with growth in economic activity (Stern, 2007) . Furthermore, globalisation allows an economy to shift its production activities from farming to manufacturing and, finally, to the services sector. In this manner, production methods might be modified as the economy evolves from the manufacturing to the services sector, energy demand is reduced and environmental quality is improved (Jena and Grote, 2008) .
The recent econometric literature (Shin et al., 2014) highlights that factors such as structural reforms, policy shifts, real and financial shocks, and regional and global imbalances may affect the variables under consideration and, hence, induce asymmetries in their dynamic relationships. Thus, it does not seem unreasonable that these factors may have induced changes in the type of relationship across the relevant variables. Additionally, given that asymmetry and non-linearity are two important stylised facts of many economic time series, a non-linear model that characterises short-run and long-run linkages between globalisation, economic growth and energy consumption is deemed appropriate. Practically, assuming a strictly linear relationship in the presence of significant asymmetries can lead to inefficient and biased results, which invalidate the usefulness of the linear specification. Notably, economic and financial development depend mainly on macroeconomic factors (e.g., business cycles, monetary policy adjustments, and product market regulations), while energy consumption seems to be more sensitive to specific conditions in the domestic and global energy markets. To accommodate both the short-run and long-run asymmetries in the dynamic relationship, the analysis makes use of the multivariate non-linear ARDL (NARDL) framework proposed by Shin et al. (2014) . This paper contributes to the existing literature by examining the asymmetric relationship between globalisation, economic growth and energy consumption using data from the BRICS countries for the 1970-2015 period. Although an enormous amount of literature investigates the impact of trade openness on energy consumption, no study so far has used any comprehensive measure of globalisation that encompasses the economic, social and political dimensions in the BRICS. In particular, economic globalisation emphasises an increase in international trade and foreign direct investment flows between the origin country and its partners. As a result, both trade and investment activities will increase energy consumption. Social globalisation represents the flow of information and cultural proximity through personal contacts. It enables individuals to share information and to learn the best practices established in other countries in various areas and sectors of the economy and, in turn, to follow similar energy conservation, production and consumption practices in the home economy. Finally, political globalisation consists of information on the number of embassies and membership in major international tasks and agreements. A country that is more politically globalised is expected to be engaged in international agreements and working groups aimed at reducing the effects of climate change.
The existing literature hypothesizes that memberships in international organizations tend to improve both environmental performance and the probability of joining international environmental treaties (Bernauer et al. 2010 , Spilker, 2012 , Ward 2006 . With respect to environmental agreements, Bernauer and Colleagues (2010) offer proof that countries that are already component of a larger network of international organizations also behave more cooperatively when it comes to environmental agreements. Since IOs tend to discourage environmentally damaging behaviour, allow for intervention and problem solving, the sharing of information and the generation of regulations and confidence, countries that are members to more general international organizations tend to join more environmental treaties. Conversely, Spilker and Koubi (2016) , demonstrate that international organizations membership does not affect environmental agreements sanction 2 . In doing so, countries will try to establish global standards to address mutual interests, such as climate change, carbon emissions and other greenhouse gases. Given that most greenhouse gases come from burning fossil fuels, a country's commitment to reducing carbon emissions directly affects its energy use pattern. However, due to variations in the level of economic interest across countries on issues such as global warming and climate change, certain countries politicise the issue by giving priority to other economic and social issues, which makes them reluctant to sign international environmental agreements and adopt fewer pollution-producing strategies, while increasing their levels of energy consumption.
The remainder of this paper is structured as follows: Section 2 reviews the current literature, while Section 3 presents the theoretical framework and the econometric approaches.
The data description is detailed in Section 4, while Section 5 presents the empirical results.
Finally, conclusions and policy implications are reported in Section 6.
2 There is at least one exception to the general rule where a highly politically globalized is not supporting international regulations of environment. This exception is the United States under the current Trump administration which withdrew from COP 21 recently.
Literature review
The literature is growing in the field of energy economics, which investigates the link between energy consumption and economic growth across global economies (Ozturk, 2010) . Ozturk (2010) presents a comprehensive assessment of the recent literature on the issue and ultimately observes that no consensus can be reached on the direction of causality between energy consumption and economic growth. The empirical findings presented in the literature since the seminal paper by Kraft and Kraft (1978) have been mixed or conflicting. The results depend on the sample of countries, the time span under analysis and the estimation methodologies used.
Certain studies find evidence in favour of causality from GDP to energy consumption (Kraft and Kraft, 1978) , while for others, no causal relationship is found (Yu and Choi, 1985; Yu and Hwang, 1984) ; other studies document the presence of reverse causality from energy consumption to GDP (Lee, 2005) . Alam and Butt (2002) The current literature also includes numerous studies that have highlighted the extent of the relationship between economic growth and energy consumption by incorporating a number of control variables, such as financial development and urbanisation (Shahbaz and Lean, 2012; Islam et al., 2013; Menegaki and Ozturk, 2013) . Similarly, the study by Alam et al. (2007) provides evidence that population growth, economic development and urbanisation are the principal forces driving increases in energy demand, while these increases have a profound effect 3 Alam and Butt (2001) study the factor analysis for changes in energy intensity and energy consumption in Pakistan. Their results show that increases in aggregate energy intensity are due primarily to the structural effect, while increases in aggregate energy consumption are due to both the activity and the structural effect. Therefore, there may have been an inefficient use of energy in the country due to changes in its economic structure and economic activities. By applying the decomposition approach, Alam and Butt (2000) provide some insight into the changes in the economic structure and energy efficiency that occurred in Pakistan over the 1960-1998 period. They find that the cyclical component of the aggregate energy intensity index, due to the changes in economic output, decreases the efficiency of energy use by 9 percent per year, while the trend component, which is due to changes in consumer preferences and technology improvements, leads to increases in energy efficiency by 2.4 per cent per annum. Alam (2002) analyses the efficiency of electricity consumption in the industrial sector in Pakistan using the multi-level decomposition model. In the case of the industrial sector, aggregate electricity intensity decreased over the 1960-1998 period, indicating improvements in the efficiency of electricity use in the industrial sector. (2014) recognise that domestic output is stimulated by renewable energy consumption and trade.
Subsequently, Nasreen and Anwer (2014) examine the trade energy-growth nexus using panel cointegration for 15 Asian countries. After finding evidence of panel cointegration, they further reveal that energy consumption positively impacts economic growth and trade openness, while the feedback hypothesis is observed only between trade openness and energy demand. A recent study by Shahbaz et al. (2016) shows that accounting for globalisation generates a win-win situation for a developing economy such as India in terms of higher economic growth and improves environmental quality by reducing energy consumption. Research by Baek et al. (2009) and Shahbaz et al. (2016) provide further analysis to extend the energy economics literature.
The model and data
This study explores the association between globalisation and energy consumption by incorporating economic growth and capital as potential determinants in the energy demand function for each BRICS country. The functional form of the model yields:
We transform all variables into natural logarithms for efficient and consistent empirical results.
The empirical equation of the energy demand function is modelled as follows:
where ln is the natural-log, is energy consumption (per capita), is globalisation index borrowed from Dreher (2006) , is economic growth (measured by real GDP per capita in US$) and is capital (measured by real gross fixed capital formation in US$). is the residual term which is assumed to have a normal distribution.
The data on energy consumption (kg of oil equivalent) and real GDP ( series is also employed to convert energy consumption, real GDP and real gross fixed capital formation into per capita units. The composite globalisation index developed by Dreher (2006) includes three sub-indices: economic globalisation, social globalisation and political globalisation. Economic globalisation comprises two sub-indices: (i) actual economic flows (i.e., trade, foreign direct investment and portfolio investment) and (ii) restrictions to trade and capital flows (i.e., tariff and non-tariff restrictions and the index of capital controls). Social globalisation can be quantified by using personal contacts (i.e., telephone contact, tourism, and foreign population), information flows (i.e., internet usage, televisions per 1000 people, and trade in newspapers), and data on cultural proximity (i.e., number of McDonald's restaurants, number of IKEA stores, and trade in books). Political globalisation is measured by the number of embassies in a country, membership in international organisations, participation in the UN secretary council, and membership in international agreements. The globalisation index is generated with the weights of 36%, 38%, and 26% for the economic, social, and political indices, respectively (http://globalization.kof.ethz.ch/) 6 .
Methodological framework

The BDS test for non-linearity
The Brock-Dechert-Scheinkman (hereafter BDS) test of Brock et al. (1987) is used to examine the nonlinearity in the relationship between time series variables. Precisely, the following hypothesis is tested to explore the non-linearity in the relationship as defined in Equation (1): : The residuals of the model are independently and identically distributed.
:
The residuals of the model are not independently and identically distributed or there is non-linearity in the relationship.
The test utilises the concept of spatial correlations based on chaos theory. Suppose we have a time series as follows:
We select a value of (embedding dimension) and embed the time series by taking each successive points in the series into m-dimensional vectors. Thus, a scalar time series is convened into a series of vectors with overlapping entries. According to Brock et al. (1987) , for the dimensions (m) between two and five, the time series is (   6   ;   3   ]  [   ;  ,  ;  ,  ;  ,  ;  ,  ;  ,  ;  ,  ; , ,
Hence, the null hypothesis of independence can be tested using the BDS test statistic as follows: 
where, ! and " are the associated long run parameters. The time series is a k x 1 vector of regressors decomposed as: Practically, the NARDL estimation and hypothesis testing requires the same procedure as in the linear ARDL model. First, the error-correction model in equation-13 is estimated using standard ordinary least squares (OLS) regression. Then, the presence of long-run association between the 7 The ARDL framework can simultaneously resolve the problem of residual serial correlation and endogenous regressors if an appropriate lag order of the ARDL (p, q) model is selected (Pesaran and Shin, 1998) . The degree to which any endogeneity is corrected in the asymmetric ARDL framework depends on the integration order of the decomposed series Finally, according to Fousekis et al. (2016) , the paths of asymmetric adjustments and the duration of the disequilibrium following a positive or a negative shock on the system can provide very useful information regarding asymmetry patterns. These short-run and long-run asymmetry paths can be presented through the cumulative dynamic multiplier effect on for a unit change in ! and " , respectively, as follows: 
Empirical results
The descriptive statistics of the time series variables are reported in China) are non-normally distributed. The non-normality of data due to higher skewness and kurtosis values implies fat-tailed behaviour, which can be regarded as an early indication of asymmetries in the time series; however, to identify the possible asymmetries in a relationship, a thorough analysis is required, i.e., through the BDS test.
[Insert Table 1 about here]
Next, we apply the BDS non-linearity test developed by Brock et al. (1996) to determine if nonlinearity is present in the dynamic relationship, as defined in equation-1. The empirical results are shown in Table 2 . We document that the null hypothesis of linearity is rejected for the majority of series, implying that non-linearity is present, recommending the use of a non-linear approach for the empirical analysis. The issue of non-normality is addressed by applying the asymmetric ARDL test, which captures both short-run and long-run asymmetries in a relation (Shin et al. 2014 ).
[Insert Table 2 about here]
To examine the presence of long-run associations between the variables, we apply the non-linear ARDL (NARDL) developed by Shin et al. (2014) . This modelling approach requires that the variables should be stationary at I(1) or I(0)/I(1). To ensure that all the variables are integrated at I(1) or I(0)/I(1), we apply ADF, PP and KPSS unit root tests. The results show unit root problems in the levels of the variables with intercepts and trends, but they are found stationary in first differences 8 . The findings imply that all the variables have a unique order of integration, i.e.,
I(1).
The traditional unit root tests may provide ambiguous empirical results because they do not accommodate structural breaks that stem the time series. The ignorance of structural breaks in the series may suggest that the null hypothesis is true when it is actually false, as a result of the low explanatory power associated with these unit root tests. This issue can be controlled by applying the structural break unit root test developed by Kim and Perron (2009) , which examines the null hypothesis of a structural break point in the trend at an unspecified date. The outcomes of this test with a single unknown structural break are presented in Table 3 9 . The results show that the time series are integrated of order one, i.e., I(I), in the presence of structural breaks. The structural breaks occur for energy consumption in the years 2003, 1984, 2004, 2002 and 2007 in the case of Brazil, Russia, India, China and South Africa, respectively. These structural breaks in energy consumption are the outcome of various energy policies implemented in these economies.
After first differencing, all the variables are found to be stationary, confirming that energy consumption, globalisation, economic growth and capital have a unique order of integration, i.e.,
[Insert Table 3 about here]
The unique order of integration of the variables leads us to apply the NARDL bounds testing approach to explore the presence of an asymmetric relationship between energy consumption, globalisation, economic growth and capital. The results are reported in We do not report these results in order to conserve space, but they are available upon request from the authors. 9 We have considered both intercepts and trends when applying the ADF structural break unit root test.
10 It should be noted that in order to select the final NARDL specification, we followed the general-to-specific approach. The preferred specification, is chosen by starting with max p = 2 max q = 2 and dropping all insignificant stationary regressors. The inclusion of insignificant lags, in practice, is likely to lead to in accuracies in the estimation and may introduce noise into the dynamic multipliers. [Insert Table 4 about here]
The long-run Analysis
A positive globalisation shock significantly reduces energy consumption in Brazil and Russia, while energy consumption is positively affected by a negative globalisation shock in Brazil and South Africa 11 . The association between negative globalisation shocks and energy consumption is also negative (statistically significant) in the cases of Russia and China. In India, globalisation (negative and positive shocks) negatively affects energy consumption. Overall, globalisation positively (negatively) affects energy consumption in Brazil and South Africa (Russia, India and China). These empirical findings are consistent with those by Shahbaz et al. (2016) and Khalid et al. (2016) , who report that globalisation reduces energy demand in India and China. In case of India, Shahbaz et al. (2016) applied bounds testing approach to cointegration between energy demand and its determinants in India. They found that overall globalization (economic globalization) has negative and significant effect on energy consumption but social and political 11 Decrease or negative shock in globalization can be assessed in following ways: "Globalization decreases when countries erect barriers to trade such as tariffs, quotas etc as well as decrease in the cross border capital flows, issuing regulations they restrict the follow of information by countries. Furthermore, globalization has had its moment and could already be in decline, steadily replaced by its successor: a new age driven by advanced robotics, artificial intelligence and additive manufacturing. These technologies stand to dramatically lower the costs of production as they become more prevalent throughout the manufacturing process. Shahbaz and Lean (2012) note that economic growth promotes energy consumption via industrialisation in Tunisia. In the study by Shahbaz et al. (2015) , it is reported that economic growth affects energy consumption directly via scale and urbanisation effects. These authors suggest that economic growth leads to trade openness, which stimulates energy demand.
A positive shock in capital positively affects energy consumption in Brazil, India and China. Energy consumption is negatively affected by negative shocks stemming from capital in the case of South Africa. In the Chinese economy, according to Shahbaz et al. (2013b) , capitalisation affects energy demand via industrialisation and economic growth.
The short-run Analysis
Positive and negative globalisation shocks reduce energy demand in the Chinese economy. 
Policy implication of Discussion
The empirical findings of this study contribute valuable policy implications and recommendations. The findings that globalisation had unfavourable effects on energy consumption in Brazil and South Africa and favourable ones in India, China and Russia demonstrate that stronger trade and investment flows, closer social relationships and better political strategies across economies can reduce the demand for energy due mostly to the awareness of energy-efficient technologies. Despite rising economic globalisation, the producers in Brazil and South Africa might not use advanced production techniques; therefore, they consume larger amounts of energy for their production activities. The unfavourable impacts of globalisation on energy use and resulting higher environmental costs via augmented energy consumption may occur in the form of natural disasters and global warming and, hence, must be given proper attention.
Regarding the effect of capital on energy consumption is concerned, the findings revealed that capitalisation increased energy consumption in the majority of the BRICS countries. These countries should adopt energy conservation policies, invest in innovative energy-saving capital and machineries, and apply clean and 'green' technologies for production and consumption purposes. A transfer from inferior to higher-quality energy sources is expected not only to trim total energy consumption; it may also reduce environmental impact of energy use. An obvious example would be a shift from coal use to natural gas use. Natural gas is a cleaner burning energy source and produces less carbon emissions per unit of energy derived. Similarly, hydro and wind energy could also have fewer environmental impacts. The environmental impact of energy use may also change over time due to technological innovations that reduce emissions of various pollutants or other environmental impacts associated with an energy source. Therefore, despite the strong connection between energy consumption and economic growth, the environmental impact of growth can be reduced through several channels. In addition, if there are restrictions to adopting clean energy sources and to technologically transforming old technologies, the potential reduction in environmental intensity of economic production is ultimately limited.
Finally, reducing energy consumption through consumer life style changes, that is, using pricing and taxation to discourage the use of energy-intensive devices and encouraging the use of energy-conserving devices, is highly desirable. To be successful, these strategies must link both suitable supply and end-use technologies. Policy agents must convert these strategies into policies. Complete hardware plus 'software'-policies, management, financing, training, and institutions-solutions are essential for the deployment of energy as an instrument of sustainable development.
Conclusion
Globalisation performs an imperative role as an instrument linking growing economies, while it affects environmental degradation due primarily to the immense use of energy in both production and consumption activities in both advanced and developing economies. According to Shahbaz et al. (2015) , "… our effort is hopefully worthy of empirical investigation in a threatening environment of climate change and global warming". Given that the environmental costs of globalisation are considered to be greater for a diverse and connected world than for a segmented world, the behaviour of the energy demand function has been investigated by incorporating globalisation (using the index that encompasses three different dimensions of globalisation), economic growth and capital as positional determinants of energy consumption in the BRICS. To this end, the NARDL cointegration approach was applied, which accommodates asymmetries stemming from time series. The robustness of the NARDL analysis was also examined by applying the multiple dynamic adjustment approach.
The results indicate the presence of asymmetric cointegration across energy consumption, globalisation, economic growth and capital. Additionally, the long-run impact of determinants on energy consumption was found to be heterogeneous in the BRICS. Positive (negative) globalisation shocks significantly decreased (increased) energy consumption in Brazil and Russia (Brazil and South Africa). Energy consumption declined with negative globalisation shocks in Russia and China.
In India, globalisation (both negative and positive shocks) reduced energy consumption levels. Comparing both positive and negative shocks, the analysis concluded that globalisation increases (decreases) energy consumption in Brazil and South Africa (Russia, India and China). Cumulative effect of lnK on lnE
